Prior research has suggested that many older Americans have not saved enough to maintain consumption levels in old age. One way older persons might respond to inadequate savings would be to extend their worklives by delaying retirement. This paper examines evidence on this matter using the Health and Retirement Study, a nationally representative panel survey of people age 51-61 in 1992 followed for several years in a panel. We use the data to project household retirement assets and to determine how much more saving would be needed to preserve post-retirement consumption levels. Our research then examines the links between derived saving shortfall measures and delayed retirement patterns. Among nonmarried persons, there is evidence that larger shortfalls do produce delayed retirement, though the effect is not quantitatively large. For married couples, pre-retirement wealth shortfalls do not appear to be significantly associated with delayed retirement. Evidently couples have other means of handling saving shortfalls.
Introduction
Much has been written in the economics literature about the determinants of household wealth accumulation, particularly regarding the question of whether households save adequately for their retirement.
1 In this paper, we measure and link the extent of retirement shortfalls to the decision to delay retirement. In particular, we ask whether older households which appear to lack the wealth to retire at a given age actually extend their working lives, so as to more readily pay for an adequate retirement income. Evidence on retirement wealth adequacy is of particular interest given the rapidly aging workforce and the expectation that Social Security faces financial insolvency.
There are various benchmarks against which household wealth levels might be compared, to determine retirement saving adequacy. One is derived from a structural model of lifecycle utility maximization which generates estimates of projects saving shortfalls. For example, over a decade ago Bernheim (1992) used dynamic programming to solve for optimal asset accumulation patterns. At that time, his data indicated that households age 35-45 accumulated assets at only one-third the rate of what was needed to maintain consumption levels during retirement; overall, Bernheim reported saving shortfalls averaging 9-19 percent per year. Other research in the field has reached more optimistic conclusions, including Sabelhaus and Manchester (1995) who noted that baby boomers were accumulating more assets than their parents, even though their consumption patterns appeared similar. Using a newer dataset, Engen et al. (2004) also adopt a life cycle model and found smaller saving shortfalls among older households than did Bernheim in the earlier surveys. A recent study by Scholz et al. (2003) elaborates the life cycle model to incorporate additional sources of uncertainty including medical costs. Again using recent data, that study did document some saving shortfalls, although for most American households retirement assets appeared adequate.
This literature comes to somewhat disparate conclusions regarding the shortfalls issue for a variety of reasons. One is the fact that these studies differ with regard to how they model workers' preferences for leisure and purchased goods. A second is that some authors exclude from consideration important components of retiree wealth such as net housing equity (and sometimes Social Security or pensions). A third difference stems from the use of different benchmarks as a "baseline" for consumption-smoothing. In general, studies that take lifetime earnings as the benchmark tend to find better adequacy rates than do studies which focus on preretirement earnings as the target for replacement. Which is the most appropriate level is, of course, unclear on a priori grounds.
A different approach is adopted by Mitchell and Moore (1998) and Moore and Mitchell (2000; hereafter MM) , an approach that we extend in the present paper. That methodology builds on a financial planning approach, where a "replacement rate" consumption target is converted into a consumption-smoothing path consistent with a life cycle model. It is worth noting that most financial advisers adopt a pre-specified replacement rate, for instance proposing that households should have assets sufficient to generate lifetime annual income worth 75% of pre-retirement pay in order to avoid a shortfall. 2 By contrast, MM solve for an endogenous replacement rate endogenously, one which derives from the hypothesis that forward-looking households seek to maintain equal real, after-tax, after-saving, levels of pre-and post-retirement consumption. In this framework, a household's target replacement rate is determined as a function of household earnings and current wealth, as well as demographic information. The earlier MM results indicated that the median US household on the verge of retirement would need to save substantially more in order to retire at 62, though this rate is approximately halved if retirement were delayed to age 65. That research also found that saving shortfalls declined empirically as assets rose, but high earners had substantial undersaving.
In the present context, we posit that a household could respond to prospective retirement saving shortfalls in several ways. For example, imagine that a worker planned to retire at age 62, but sometime in his 50's, he determined that he had not saved enough to provide for a smooth consumption path in retirement. One response might be to stick with the target retirement age but save more, a strategy that would require consumption cuts and increased work effort.
Another response might be for the older worker to plan on cutting post-retirement consumption.
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Yet a third possibility might be to work longer, and indeed most people retiring at age 62 are apparently in good enough health to do so. 4 Further, the results from MM suggest that delaying retirement can substantially reduce the savings shortfalls.
In what follows, we relate projected retirement savings shortfalls to observed retirement behavior in the HRS, to evaluate their association. 5 We begin by assessing the claim that Americans undersave for retirement by examining the Health and Retirement Study, which contains exceptionally complete information on household wealth linked to administrative records on earnings and benefits from Social Security, including information on financial wealth, net home equity, and retirement pension wealth. With these data, we project and evaluate household retirement wealth, which we then compare to the level of retirement assets needed to smooth real consumption levels over the retirement period. We use this information to calculate the additional amount of annual earnings that would have to be saved to achieve consumption smoothing by the age of retirement. Finally we relate these shortfall measures to the probability of working at ages 62 and 65.
Data and Methods
Health and Retirement Study (HRS) respondents were first interviewed in 1992 at age 51-61 (along with spouses of any age); additional surveys have been administered every two years thereafter. 6 In the HRS, retirement assets may be divided into three categories: (1)
where income (Y), taxes (T) and saving (S) are considered both before retirement (P) and post retirement (F).
Equation (1) can be rearranged and written in terms of a consumption smoothing replacement rate (RR) by dividing through by pre-retirement income and expressing savings as a proportion of pre-retirement income to generate equation (2).
Using an annuity factor (AF) we convert the future income stream to the level of wealth required to sustain Y F . 9 If a household's projected assets (PROJ) are less than their needs, they 7 For detail on how these values are derived using linked data on company pensions and Social Security administrative records, see Gustman et al. (1999) . The entire value of home equity is included in these measures, though we recognize that there is some controversy about whether the entire home asset should be counted. For instance Venti and Wise (2001) find that incomepoor but house-rich older families are more likely to reduce equity when they move, while house-poor but income-rich households tend to increase housing equity. 8 Both measures are computed here using pre-retirement pay as the benchmark; see Appendix for a discussion of why using average lifetime pay as the benchmark is problematic. 9 Annuity factors are calculated using the same assumptions used to calculate the value of Social Security wealth and rely on the intermediate assumptions used by the Social Security Administration. For more information, see MM 2000.
need to save the difference between the current period and their retirement age. The difference can be defined as:
Given the difference between projected and adequate level of assets and the number of years to retirement, we can calculate the percentage of earnings that must be saved in each year leading to retirement to meet the adequate level of assets. 10 We solve for saving and replacement rates simultaneously using an iterative approach. The approach selects an initial replacement rate target and then solves for the target wealth level needed to finance this goal, allowing for differential taxation prior to retirement and during retirement. If household assets would be projected to fall short relative to target assets, the method derives the shortfall saving rate, which 10 As mentioned in the text, one explanation for the disparate conclusions reached by prior studies in the savings adequacy literature is that each employs different benchmarks. For instance, some studies, including ours, focuses on replacing a portion of pre-retirement earnings, while others focus on replacing a portion lifetime earnings. A lifetime earnings benchmark is not used because of the data and assumptions required to modify the earnings benchmark. The identification of the prescribed savings rate in MM relies on the following equation:
where the left hand side of the equation is the amount of wealth that must be accumulated to reach the specified benchmark by retirement, the right hand side is the wealth accumulation process from the current period to retirement, wg is an assumed wage growth, and r is an assumed rate of return on savings. A key to this strategy is the fact that pre-retirement prescribed savings rate appears on both the left and right hand sides of the equality, so we can solve for the savings rate as a function of pre-determined arguments. This strategy breaks down when we substitute in the lifetime earnings benchmark. If we set average post-tax and post-savings lifetime earnings as the benchmark, then the above equation is modified to:
where Y is average lifetime earnings, T is average lifetime taxes, and s' is defined as the proportion of average lifetime income that is saved, not as a proportion of pre-retirement income as it is defined in the previous equation. The prescribed savings rate, s, is no longer identified as a function of pre-determined arguments unless. In order to define s' we would need information on savings historic savings patterns (which we do not observe in the data) or exogenously identify s' under a host of assumptions. For these reasons, in the present analysis we limit our analysis to the benchmark that focuses on pre-retirement earnings.
is equal to the additional fraction of earnings that would have to be saved, to reach the consumption-smoothing goal. This new rate is then used to compute a new replacement rate: if the saving rate is unfeasibly high, the replacement rate is lowered; conversely, the prescribed replacement rate is increased if the saving rate proves below that required for consumption, taxes, and saving to sum to pre-retirement income. The process is repeated until the prescribed saving and replacement rates converge.
In the analysis to follow, we express shortfalls as percentage measures: that is, they refer to the additional fraction of pre-tax earnings that each household would have to save prior to retirement to smooth consumption over the remaining lifetime (hereafter "shortfall").
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The next issue to which we turn is an examination of how these saving shortfalls might influence subsequent work and retirement behavior. In practice, there are many different ways to calibrate and quantify retirement behavior at older ages (c.f. Lumsdaine and Mitchell 1999; Gustman et al., 1995; Gustman and Steinmeier 2000) . In the present analysis, we focus on two objectively measured and clearly work-related outcomes, namely, whether respondents reported themselves as working for pay at age 62 and also at age 65.
12 For the first analysis sample, we select all respondents who attained at least age 62 by 2002, the last year of publicly available HRS dataset. For the second analysis, the sample includes only those who attained at least age 65 by 2002. Selecting our samples in this way avoids incomplete spells due to sample censoring.
Both samples include only respondents who initially reported themselves as working for pay at baseline, in 1992.
11 These computations take into account the household's tax status and life expectancy as of retirement age, using appropriate annuity factors and tax schedules in place at the time of the initial baseline; see Moore and Mitchell (2000) . 12 We have also examined alternative definitions of retirement, including whether or not the respondent had positive earnings; results were qualitatively similar to those reported below.
The specific estimating equations we evaluate focus on Prob(Work|a), defined as the probability of working at age a, which equals 1 if the individual reported himself as working at the time of the survey and 0 otherwise:
Our canonical regressions include the household's computed shortfall measured in three alternative ways. The first two refer to the shortfalls associated with retirement at a particular age (for age 62, SAVE62, and for age 65, SAVE65); these appear only in the equations relating to work at age 62 and 65 respectively. We also calculate SAVEDIFF which is change in the shortfall if the respondent were to work from age 62 to 65; this is included as a control in some of the specifications for work at age 62.
The estimated coefficients from these variables help test the following hypotheses:
1. The probability of working at age 62 (or 65) is positively correlated with shortfalls (i.e., estimated coefficients >0 for SAVE62 and SAVE65).
2. The probability of working at age 62 is positively correlated with returns for working longer (i.e. estimated coefficient >0 for SAVEDIFF).
We also include a vector of standard socioeconomic variables (X 1 ) all measured at the 1992 baseline wave of the survey, including the respondent's educational attainment, marital status, number of children, race/ethnicity, and health.
Additional analysis adopts more complete specifications that add some less conventional variables to the canonical set:
• X 2 includes an indicator of the respondent's reported financial planning horizon and a baseline indicator of the respondent's expectation of consumption declines in retirement.
• X 3 includes indicators of health and marital shocks, indicating whether he experienced a change in health, or became a widow/er since the baseline interview.
The empirical models are carried out separately for nonmarried versus married respondents. In the married respondent equations, we include controls for characteristics of their spouses. 13 (A complete variable list appears in Appendix Table 1 .)
Empirical Results
A graphical depiction of the distribution of shortfalls for our sample appears in Figure 1 , for both age 62 and 65 retirement. 14 The perpendicular line through the middle of both panels marks the zero shortfall point: the density to the left of the line indicates households who have saved enough to meet their retirement needs, while the opposite is true for households to the right of the line. Note that for both age 62 and 65 retirements, the distribution of shortfalls is skewed. Some households have saved considerable wealth relative to their needs (depicted by the relatively long left tail in each panel in Figure 1 ), but the majority of households fall to the right side of the distribution, indicating undersaving relative to consumption needs. It is also worth note that delaying retirement shifts more of the distribution to the left of the zero shortfall line and reduces the median shortfall: delaying retirement both eliminates and reduces shortfalls for many households. However, even with a delay in retirement, many households still experience shortfalls.
Figure 1 here
13 Since married age-eligible respondents appear twice in the data, standard errors are adjusted for clustering in the married respondent specifications. 14 We used the kernel density estimation available in STATA 8 SE. Weighting for the density estimate was produced with a Gaussian kernel and an optimally selected width.
The overall distribution of shortfalls hides considerable dispersion across groups by marital status, wealth and earnings as indicated in Table 1 . The first panel reports saving rates required to smooth consumption, provided separately for married and nonmarried households and arrayed by wealth quintile. 15 The results show that the median married household on the verge of retirement in the HRS, at around age 56, would need to save 17 percentage points more of its current earnings to smooth consumption if retirement were to take place at age 62. The shortfall for the median married household is reduced by 40%, to only 10 percentage points, if retirement were postponed to age 65. For nonmarried individuals, the median shortfall for age-62 retirement is larger (24% of earnings) than for married households, but here, the gap can be more than halved by delaying retirement to age 65. 16 Not surprisingly, shortfalls across the wealth distribution are uneven: the top wealth quintile already has enough to finance smooth consumption, while the poorest quintile faces the largest shortfalls. In the second panel, we array shortfalls by household earnings quintiles. Here the medians are similar: married couples would need to save 17% more per year if they intended to retire at age 62, but only about half that much for retirement at age 65; nonmarried respondents have higher needs. It is also of interest to note that many low earners actually have negative shortfalls; that is, their combined assets and retirement benefits are already sufficient to consumption-smooth. By contrast, many higher earners can anticipate higher shortfalls, because they need to save more to maintain their high incomes into retirement. (2000) due to fact that here we use a slightly older sample (age 52+) in order to ensure that there is no age-based censoring of the dependent variables used below.
Next, we turn to an examination of the association between estimated shortfalls and the probability of working at age 62 and age 65. Here the dependent variable is set to one if a respondent reported himself as working when surveyed at that age, and zero otherwise. Since the dependent variable is measured at the time the respondent was age 62 (or 65), the sample size depends on how many respondents were of the proper age for the measure in question. Our hypothesis regarding a relationship between shortfalls and work is predicated on the hypothesis that households consider their wealth needs and plan their retirement accordingly.
Before summarizing the econometric results, a glance on Figure 2 shows the relationship between respondents' actual work patterns to their ex-ante self-reports of the probability that they will be working at later ages (an assessment offered at baseline). In the top panel, we compares projected and actual probabilities of working at age 62 and 65 for nonmarried respondents, while the bottom panel depicts the same variables for married respondents. It is interesting that ex-ante work probabilities offered by nonmarried persons do a remarkably good job of tracking their ex-post work probabilities at age 62, implying that age 62 work expectations are typically met for nonmarried respondents. At age 65, the difference between ex-ante and expost work probabilities for nonmarrieds is about -5 percentage points, indicating if anything some earlier than expected retirement for this population. By contrast, the pattern is the opposite for the married groups, though the differences between the ex-ante versus the ex-post work probabilities are less than 5 percentage points. In any event, married respondents appear to slightly understate their probability of actually working at both ages, thought the effect is small.
In sum, Figure 2 suggests that most peoples' expectations regarding work in later life turn out to be realized, at least for HRS respondents: that is, most people stick to their retirement plans.
Figure 2 here
To further analyze the relationship between shortfalls and delayed retirement, next we link the empirically observed probabilities of work at older ages to the household's computed shortfall measures. Three specifications are evaluated for both nonmarried and married households. In the first, we use only the relevant shortfall measure and include controls for socioeconomic variables (X 1 ) for respondents (as well as spouses, where relevant). In the second, we add variables indicating each respondent's reported financial planning horizon and a baseline indicator of his expectation of consumption declines in retirement (X 2 ). Finally, in our third specification, we add some controls for "shock" variables, which are indicators of health and marital changes experienced since the baseline interview.
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Results for the nonmarried respondents are provided in Table 2 and for married respondents in Table 3 . For the nonmarried individuals, the first three columns describes results for the probability of working at age 62 (the second set focuses on work at 65); each of the three columns represents one of the three specifications described earlier. That is, X 1 is the canonical specification which includes only the shortfall and socioeconomic variables; in turn, the later columns add X 2 (planning and consumption expectation variables), and X 3 adds shock variables.
Table 2 here
The results show that all three specifications, and for both work at both ages 62 and 65, larger shortfalls are positively and statistically significantly associated with delayed retirement.
Furthermore, this group is more likely to continue working at older ages if, by doing so, they close more of the shortfall gap (Savediff). Both findings are consistent with the hypothesis that older workers respond by working additional years when retirement assets are insufficient.
Coefficients for education and health in the canonical specification (X 1 ) also have the expected 17 Variable definitions appear in Appendix Table 1 and summary statistics appear in Appendix Table 2 .
signs: that is, respondents who are healthy, well-educated, and who anticipate living to age 75 with high probability all work longer. Those who were divorced prior to 1992 are also more likely to work at both age 62 and 65. Being widowed has differential impacts depending on when it happens: widowhood prior to 1992 reduces the likelihood of working beyond age 62, but people who are widowed in their 50s appear more likely to work to age 65.
Another interesting finding is that our enriched specification (which includes the X 2 vector) produces many statistically significant variables. Thus respondents who say they have relatively long financial planning horizons are also likely to work more at both ages 62 and 65.
By contrast, the effect of expected consumption declines in retirement have different relationships with work at age 62 and 65. Expecting to consume less in retirement is positively correlated with more work at age 62, but the relationship turns negative for work at age 65. One possible explanation for this finding is that the returns to consumption of working longer diminish with age, such that delaying retirement leisure after age 65 is felt to be economically 'not worth it'.
In the third specification we add health and widowhood shock variables to the equation (X 3 ). For both the age 62 and 65 work equations, these new variables are both statistically significant and have the expected signs: shocks are correlated with lower probabilities of work.
Again, the shortfall variables maintain their sign and significance. For the nonmarried sample, higher shortfalls are associated with higher work probabilities.
Results for married respondents appear on Table 3 , with the first panel focusing on work at age 62 and the second, age 65. The contrast with nonmarried respondents is stark: few variables are significant and this includes the shortfall variables. Some variables such as education and health shocks do tend to be statistically significant and have the expected signs, but these are the exceptions. In all, relatively few of the remaining variables in Table 3 are significant across specifications for the married sample.
Table 3 here
The results from Tables 2 and 3 are reduced form in nature, so they cannot directly identify causal relationships in the work/saving nexus. Yet they do suggest that the hypothesis of a positive empirical link between shortfalls and delayed retirement can only be accepted for the sample of nonmarried respondents. This may be due to the fact that married couples can adjust along a number of margins as described by Kotlikoff and Spivak (1981) , including more work by other family members, small reductions in expenditures by more members, and the like.
We also find that the effects of shortfalls on retirement among nonmarried respondents is rather small quantitatively. Figure 3 provides predicted probabilities of work at age 62 and 65 for nonmarried respondents, assuming both zero and median levels of retirement shortfalls.
What the results show is that the coefficients for SAVE62, SAVE65, and SAVEDIFF are all highly significant, but their magnitudes are quite small: predicted percentage changes are all less than 1 percent across specifications. Therefore, while a relationship between shortfalls and work exists, the magnitude of the effect appears to be quite small. Evidently people facing retirement saving shortfalls do not appear to delay retirement much; rather, they are likely to adapt to shortfalls along other dimensions. Additional research on consumption changes and possibly unretirement patterns would likely be valuable in examining these issues further.
Conclusions and Future Research
This paper explores links between retirement saving shortfalls and work at older ages using the Health and Retirement Study, a nationally representative survey of older Americans on the verge of retirement. The results show that the median older US household will be unable to maintain levels of pre-retirement consumption into retirement without additional saving, though delaying retirement by only three years would cut the saving burden by roughly half. We also find that saving shortfalls are distributed unevenly across the older population, such that those with the highest earnings categories are also those with the largest shortfalls. When we link our measures of shortfalls to the likelihood of working at older ages, we find that nonmarried households who face substantial saving shortfalls do tend to work somewhat longer. The estimates are robust to controls on a host of other factors, though the magnitude of the estimated effects is quantitatively small. Among married couples, we find no statistically significant relationship between shortfalls and work. One reason for the difference in results for the married and nonmarried samples may be that two earners can each work a bit longer, or consume a bit less, whereas nonmarried persons must bear the burden of the entire shortfall alone.
Though the current literature is, to some degree, divided on the extent of saving adequacy among near-retirees, our results suggest that individuals do respond rationally to saving shortfalls by extending their worklives and reducing the period they will spend in retirement. Future research can take into account differences in respondent knowledge regarding their anticipated retirement benefits (cf Gustman and Steinmeir, 2001a and b) . Source: Authors' weighted computations from the HRS. 
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